ABSTRACT: Allele distributions for 12 or 13 CODIS core tetrameric short tandem repeat (STR) loci CSF1PO, D3S1358, D5S818, D7S820, D8S1179, D13S317, D16S539, D18S51, D21S11, FGA, TH01, TPOX, and vWA were determined in 41 population data sets. The major population groups comprise African Americans, U.S. Caucasians, Hispanics, Far East Asians, and Native Americans. There was little evidence for departures from Hardy-Weinberg expectations (HWE) in any of the populations. The F ST estimates over all thirteen STR loci are 0.0006 for African Americans, Ϫ0.0005 for Caucasians, 0.0021 for Hispanics, 0.0039 for Asians, and 0.0282 for Native Americans.
DNA typing of biological samples provides the ability to eliminate individuals who have been falsely associated with forensic evidence and to reduce the number of potential contributors to a few or only one individual. Polymorphic short tandem repeat (STR) loci are the most informative PCR-based genetic markers for attempting to individualize biological material (1) (2) (3) (4) . To exploit the full potential of STR loci, the FBI Laboratory sponsored a community-wide scientific effort to select and establish the core STR loci for the national DNA index, CODIS (i.e., Combined DNA Index System). The resultant thirteen CODIS STR loci are CSF1PO, D3S1358, D5S818, D7S820, D8S1179, D13S317, D16S539, D18S51, D21S11, FGA, TH01, TPOX, and vWA (5) . One of the outcomes of the forensic community effort is the generation of 41 population data sets that provide a solid foundation for profile frequency estimates. This paper presents STR allele distribution data on 12 or 13 of the CODIS core STR loci in several sampled populations from each of the following major population groups: African Americans, U.S. Caucasians, Hispanics, Far East Asians, and Native Americans.
Materials and Methods

Samples
A total of 20 laboratories generated population data. The California Department of Justice, Orange County Sheriff's-Coroner Laboratory, and Oregon State Police worked collectively in the study and generated the population data on the California-derived databases and the Chinese, Japanese 1, and Korean databases. The Alabama Department of Forensic Sciences generated the Alabamaderived population data. The Florida Department of Law Enforcement, Metro-Dade Police Department/Miami Children's Research Institute, and Palm Beach County Sheriff's Office worked collectively and generated the Florida-derived population data. The National Institute of Standards and Technology, North Carolina State Bureau of Investigation, and Virginia Division of Forensic Science worked collectively and generated the Virginia-derived population data and the general Asian population data. The Armed Forces Institute of Pathology, New York City Office of the Chief Medical Examiner, and Suffolk County Crime Laboratory worked collectively and generated the New York-derived population data and the Japanese 2-derived population data. The Illinois State Police, Michigan State Police, and Detroit Police Department worked collectively and generated the Michigan and Illinois-derived population data. The Illinois State Police generated the Vietnamese-derived population data. The Minnesota Bureau of Criminal Apprehension generated the Minnesota population data. The Royal Canadian Mounted Police generated the Canadian, Northern Ontario, Salishan, and Saskatchewan population data. The Arizona Department of Public Safety generated the Arizona Hispanic, Apache, and Navajo population data. The FBI Laboratory generated the FBI-labeled population data [which originate from samples from Texas and have been published previously (4) Statistical Analysis: Allele designations were determined by comparison of the sample fragments with those of the allelic ladders. The frequency of each allele for each locus was calculated from the numbers of each genotype in the sample set (i.e., the gene count method). Unbiased estimates of expected heterozygosity were computed as described by Edwards et al. (2) . Possible divergence from Hardy-Weinberg expectations (HWE) was tested by calculating the unbiased estimate of the expected homozygote/heterozygote frequencies (6) (7) (8) (9) and the exact test (10), based on 2000 shuffling experiments. The computer program to perform these tests was developed by R. Chakraborty (University of Texas School of Public Health, Houston, Texas). The values for F ST were determined as described by Weir and Cockerham (11) using the TFPGA program kindly provided by M. Miller (Northern Arizona University at Flagstaff).
Results and Discussion
The distributions of observed allele frequencies for the STR loci in the 41 data sets are shown in Tables 1-5 . The observed and expected homozygosities and exact test results for departures from HWE are also provided.
All loci are highly polymorphic in all sample populations. Most alleles (excluding rare variants) are observed in all populations. The sampled populations of African Americans show the highest within-population variation and the Native Americans have the lowest within-population variation. While there were some initial indications of departure from HWE, none were significant after correcting for sampling (i.e., Bonferroni correction (12)). The majority of the initially found departures from HWE are due to genotypes consisting of rare alleles (e.g., those occurring below five counts in the data). These alleles are of virtually no consequence, when such rare allele frequencies are replaced by a minimum threshold allele frequency applicable to the locus/population combination (13, 14) . To determine whether or not the uncorrected departures from HWE may have an impact on profile frequency estimates, one might suggest that comparisons of allele frequencies between subgroups be assessed by standard contingency table analysis. However, such an analysis is uninformative. For even moderately large sample sizes, standard contingency table analysis exhibits extreme sensitivity to small perturbations, i.e., it frequently rejects the null hypothesis of no difference even if the difference is of little consequence (15) . Traditional population genetic approaches that describe the amount of heterogeneity among populations are much more informative than are significance tests. Therefore, as recommended by the National Research Council (NRC) II Report (14), Wright's F ST estimates (16, 17) were calculated (Table 6 ). The F ST estimates over all thirteen STR loci are 0.0006 for African Americans, Ϫ0.0005 for Caucasians, 0.0021 for Hispanics, 0.0039 for Asians, and 0.0282 for Native Americans. The data support that the degree of relatedness in the African American, Caucasian, Hispanic, and Asian groups is low. In fact, the Hispanic value is likely inflated because southeastern and southwestern Hispanic data sets were pooled for the F ST calculation. Typically, these two groups are not merged for profile frequency estimates (although these data suggest that pooling is possible). Budowle, et al. (18) reported an F ST estimate of approximately 0.0090 for nine of the thirteen core STR loci in Chamorros and Filipinos. For Native Americans (in the current study) a larger estimate of 0.0282 was observed. This F ST value is consistent with expectations for more isolated groups, such as Native Americans. Further, the F ST values estimated from these data support the generalized recommendations of the National Research Council for taking a value of 0.01 as a conservative threshold for most population groups and the value of 0.03 for Native Americans as reasonable. Further studies are underway for G ST estimates using additional measures of within-population variation based on variance in allele size. data. Without their efforts, these population data would not be available to the scientific community and CODIS.
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In conclusion, substantial population data are available for the thirteen CODIS STR loci CSF1PO, D3S1358, D5S818, D7S820, D8S1179, D13S317, D16S539, D18S51, D21S11, FGA, TH01, TPOX, and vWA. These data should enable estimation of multiple loci profile frequencies for most scenarios in the United States. The data support that the recommended F ST value of 0.01 for correcting for population substructure is conservative for most populations and that 0.03 should be used for profile frequency calculations for Native Americans (14) .
